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GEOLOGY  OF  TIIE  OIL  AND  GAS  FIELDS  OF  THE 
IIILLIARDS  QUADRANGLE,  PENNSYLVANIA 


(Advance  Report) 
by 

R.  E.  Sherrill  and  L.  S.  Matteson 


INTRODUCTION 

The  Hilliards  quadrangle  is  in  western  Pennsylvania,  and  occupies 
a part  of  northern  Butler  and  southern  Venango  counties.  It  covers 
about  226  square  miles — 17.25  miles  north  and  south  by  13.1  miles 
east  and  west. 

Oil  and  gas  pools  occupy  about  58  square  miles  in  this  quadrangle. 
The  oil  recoverable  by  primary  production  methods  is  nearing  ex- 
haustion in  all  these  pools,  and  many  formerly  productive  areas  have 
been  abandoned,  leaving  most  of  the  oil  in  the  sands.  Unless  repressur- 
ing, water-flooding,  mining  or  other  secondary  recovery  methods  are 
applied,  most  of  the  oil  now  in  these  sands  will  remain  there  per- 
manently and  detailed  subsurface  geological  information  is  essential 
to  successful  application  of  these  methods.  The  purpose  of  the  survey 
of  which  this  is  an  advance  report  was  to  determine  as  minutely  as 
possible  the  subsurface  distribution,  character,  thickness,  structure  and 
content  of  the  sand  bodies.  This  quadrangle  was  selected  as  one  of 
the  areas  in  which  to  make  a detailed  survey  because  the  southern 
terminus  of  the  Upper,  or  Tidioute-Bullion,  oil  belt  and  a part  of  the 
Lower,  or  Butler-Clarion,  oil  belt  lie  in  it.  It  was  felt  that  in  addition 
to  supplying  a geological  tie  between  these  oil  belts  and  to  preserving 
the  subsurface  data  still  available,  this  survey  might  assist  in  the 
selection  of  areas  for  additional  oil  recovery,  in  the  development  of 
these  areas,  and  possibly,  in  locating  new  shallow  and  deep  pools. 

Every  available  well  record  was  collected,  each  well  located  on  a 
four  inch  to  one  mile  topographic  map  and  the  well  elevations  de- 
termined with  an  altimeter  or  alidade.  Where  possible,  samples  of 
the  sands  and  of  the  oil  were  collected.  A few  core  analyses  were  col- 
lected but  very  little  coring  has  been  done  in  this  quadrangle.  The 
known  production  limits  of  the  sands  were  drawn  on  the  maps  and 
all  available  verbal  information  on  the  sands  assembled.  The  loca- 
tions of  isolated  dry  holes  and  of  undrilled  areas  were  determined  as 
thoroughly  as  time  and  data  permitted,  but  doubtless  many  dry  holes 
of  which  little  or  no  evidence  now  exists  were  not  located.  "About 
3,000  well  records  were  collected,  of  which  2,160  were  located  and  the 
elevations  determined.  This  work  was  done  by  R.  E.  Sherrill,  as- 
sisted by  L.  S.  Matteson  and  T.  II.  Jones  during  parts  of  the  field  sea- 
sons of  1936,  1937,  and  1938. 


1 


We  regret  that  it  is  impossible  to  mention  here  each  company  and 
individual  who  aided  in  this  survey.  We  especially  desire,  however,  to 
express  appreciation  to  T.  AY.  Phillips  Gas  and  Oil  Co.,  South  Penn 
Oil  Co.,  Manufacturers  Light  and  Heat  Co.,  Peoples  Natural  Gas  Co., 
Pittsburgh  Oil  and  Gas  Co.,  President  Oil  Co.,  Lincoln  Oil  Co.,  Frank- 
lin Trust  Co.,  Clarence  Strance,  Clyde  Jamison,  J.  M.  Christy,  D.  L. 
Baird,  Lyle  and  Carl  Hilliards,  D.  L.  Hindman,  Mark  Graham,  S.  Y. 
Ramage,  Sr.  and  Jr.,  Carl  Smith,  H.  Hoffman,  S.  L.  Cokain,  Russell 
Foster,  Lon  Riddle,  G.  K.  Anderson,  J.  Witherup,  R.  H.  Lamberton 
and  the  many  other  leaseholders  who  cooperated  to  the  fullest  extent. 
Without  the  support  and  information  supplied  by  the  operators  the 
report  could  not  have  been  completed. 

TOPOGRAPHY  AND  DRAINAGE 

This  quadrangle  lies  within  the  drainage  basins  of  the  Allegheny 
and  Beaver  rivers.  The  divide  between  these  drainage  basins  lies 
relatively  close  to  the  Allegheny  River,  which  crosses  the  northeastern 
part  of  the  quadrangle  in  a narrow,  gorge-like  valley.  The  Scrub- 
grass  and  other  creeks  tributary  to  the  Allegheny  flow  in  steep-sided 
valleys,  but  Slippery  Rock  Creek,  which  flows  westward  to  the  Beaver, 
is  in  a flat-bottom  marshy  valley.  This  flat-bottom  valley  is  a sand- 
and  clay-filled  glacial  lake.  The  upland  surface  of  the  quadrangle  is 
an  undulating  plateau,  mostly  between  1,400  and  1,500  feet  above  sea 
level.  The  lowest  point  in  the  quadrangle  is  about  890  feet  above 
sea  level  and  the  highest  about  1,590.  The  part  of  the  quadrangle 
lying  northwest  of  a general  line  from  Wick  to  Bullion  was  glaciated 
during  the  Pleistocene  period. 

SURFACE  STRUCTURE 

Regional.  Structurally,  the  Hilliards  quadrangle  is  in  the  north- 
western part  of  the  Appalachian  foreland.  This  foreland  lies  west 
and  north  of  the  closely  folded  and  faulted  Appalachian  Mountains. 
It  is  a broad,  gentle,  spoon-shaped  synclinorium,  whose  long  axis  ex- 
tends in  a northeasterly  and  southwesterly  direction,  and  whose  lowest 
part  is  in  northwestern  AVest  Virginia. 

The  southeastern  part  of  this  foreland  basin  is  characterized  by  a 
series  of  rather  prominent  northeast-trending  anticlinal  and  synclinal 
folds.  In  the  northwestern  part  of  the  foreland  the  folds  have  so 
diminished  in  magnitude  and  regularity  that  their  detection  and  trac- 
ing is  best  accomplished  by  determining  elevations  on  selected  “key” 
rock  layers  at  many  points  over  the  area.  The  dominant  structural 
feature  of  this  part  of  the  foreland  is  a general  southward  inclination 
or  regional  dip. 

Local.  The  surface  structure  map  of  the  Hilliards  quadrangle, 
Figure  5,  shows  the  elevations  above  sea  level  of  the  top  of  the  Vanport 
limestone  by  means  of  25-foot  contours.  In  addition  to  direct  eleva- 
tions on  the  outcrop  of  this  limestone,  well  records  giving  the  depth 
to  the  limestone,  and  coal  beds  or  other  rock  layers  whose  intervals 
to  it  were  known  were  used  in  the  preparation  of  this  map. 
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As  can  be  seen  on  this  structure  map,  the  Vanport  limestone  de- 
scends about  400  feet  in  a southerly  direction  in  about  17.5  miles,  or 
an  average  inclination  of  about  23  feet  per  mile.  This  regional  dip  is 
modified  by  a few  north  or  northeasterly  trending  folds  and  by  numer- 
ous minor  irregularities  and  local  undulations. 

The  most  prominent  fold  in  the  quadrangle  extends  from  one  mile 
west  of  Branchton  northeasterly  to  Kennerdell  School.  This  fold  is 
called  the  Homewood  anticline  in  this  report  because  it  is  considered 
to  be  a continuation  of  the  Homewood  anticline  of  the  New  Castle 
quadrangle.  The  axis  of  this  anticline  is  not  clearly  defined  across 
the  entire  quadrangle  but  appears  to  offset  at  irregular  intervals.  A 
dome  of  at  least  25  feet  closure  is  developed  between  Wick  and  New 
Hope  Church.  The  steep  dip  in  the  southeast  flank  of  the  fold  near 
Unity  Church  may  reflect  deep-seated  faulting. 

A general  anticlinal  fold  extends  from  about  one  mile  east  of  Hill- 
dale  northwesterly  to  North  Washington,  thence  north  to  Eau  Claire, 
and  from  Eau  Claire  it  continues  northeasterly  to  the  quadrangle 
boundary.  For  convenience  this  fold  will  be  called  the  Eau  Claire 
anticline.  Between  it  and  the  Homewood  anticline  is  a broad  gentle 
synclinal  area. 

The  location  of  the  oil  and  gas  pools  of  the  quadrangle  is  also  in- 
dicated on  the  surface  structure  map,  but  the  pools  are  not  there  dif- 
ferentiated according  to  producing  sands  because  of  the  extensive 
overlapping  of  pools  of  different  sands. 


SURFACE  STRATIGRAPHY 

Approximately  1,060  feet  of  middle  Pennsylvanian  to  lower  Mis- 
sissippian  rock  strata  are  exposed  in  the  Hilliards  quadrangle.  A 
rather  detailed  study  of  these  surface  rocks  was  found  necessary  to 
the  mapping  of  the  structure  and  to  a determination  of  the  subsurface 
geologic  conditions. 


Pennsylvanian  System 

CONEMAUGH  GROUP 

The  Conemaugh  group  extends  from  the  top  of  the  Upper  Freeport 
coal  to  the  base  of  the  Pittsburgh  coal.  Throughout  the  northern  half 
of  the  quadrangle  the  Conemaugh  has  been  entirely  removed  by  ero- 
sion and  only  the  lower  part  of  it  is  preserved  in  the  southern  part 
of  the  area.  Where  present  it  caps  the  higher  hills  and  attains  a 
maximum  thickness  of  240  feet  in  the  hill  half  a mile  southwest  of 
Hilldale. 

The  Conemaugh  consists  predominantly  of  shale  and  thin-bedded 
sandstones.  No  detailed  study  of  the  group  was  made  because  it  was 
unnecessary  for  the  purpose  of  this  report  and  because  these  strata 
are  not  well  exposed  in  the  quadrangle.  The  Mahoning  red  clav,  a 
variable  horizon  of  red  and  yellowish  clay  lying  about  30  feet  above 
the  base  of  the  group,  was  noted  in  several  places  in  the  southern  part 
of  the  quadrangle  and  is  useful  as  a general  horizon  marker. 
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ALLEGHENY  GROUP 


The  Allegheny  group  as  usually  mapped  extends  from  the  top  of 
the  Upper  Freeport  coal  to  the  base  of  the  Brookville  coal  or  its  under 
clay.  Exact  delimitation  of  the  group  is  difficult  in  this  quadrangle 
because  several  "coal  members  occur  in  its  lower  part  and  no  final  cor- 
relation of  any  one  of  them  with  the  type  Brookville  coal  has  been 
made.  In  the  adjoining  Foxburg  quadrangle  Shaw  and  Munn1 
mapped  as  Brookville  a coal  which  has  been  traced  into  the  Hilliards 
quadrangle  and  found  to  lie  about  360  feet  below  the  top  of  the  Upper 
Freeport  coal.  Later  Renick2  traced  this  and  associated  beds  from 
the  Beaver  Valley  to  Brookville  and  concluded  that  this  coal  is  in 
the  fiercer  formation  of  the  underlying  Pottsville  group  and  that  the 
true  Brookville  horizon  lies  about  60  feet  higher  in  the  section.  Ren- 
ick’s correlation  is  here  tentatively  accepted,  partly  because  it  gives 
total  thicknesses  to  the  Allegheny  and  Pottsville  groups  and  an  in- 
terval from  the  Vanport  limestone  to  the  Pottsville  which  are  more 
nearly  in  agreement  with  those  found  in  the  Zelienople  quadrangle 
and  other  nearby  areas. 

The  Allegheny  group  underlies  a larger  area  than  any  other  group 
in  the  quadrangle.  It  caps  the  plateau  and  hills  in  the  northern  part 
of  the  area  and  is  exposed  in  the  valleys  and  caps  the  lower  hills  in 
the  southern  part. 

The  Allegheny  group  is  about  310  feet  thick  and  is  composed  of 
shale  and  sandstone  interbedded  with  coal,  clay  and  limestone. 
Economically  it  is  the  most  important  outcropping  group  in  the 
quadrangle.  It  is  divisible  into  several  members  of  which  the  follow- 
ing, named  in  descending  order,  are  the  principal  ones  in  this 
quadrangle. 

Principal  members  of  Allegheny  group  in  Hilliards  Quadrangle 


Average  interval 

Name  of  member  to  top  of  Vanport 

limestone 

Feet 

L’pper  Freeport  coal 250 

Upper  Freeport  limestone 240 

Butler  (Upper  Freeport)  sandstone  — 

Lower  Freeport  coal  220 

Lower  Freeport  limestone  200 

Upper  Kittanning  coal  110  to  130 

Middle  Kittanning  coal  80  to  90 

Lower  Kittanning  coal 40  to  50 

Lower  Kittanning  clay  35 

Vanport  limestone  0 

Scrubgrass  (LTpper  Clarion)  coal  15  to  30 

Lower  Clarion  coal  30  to  45 

Brookville  coal 55  to  65 


Although  the  total  thickness  of  the  Allegheny  group  remains  fairly 
constant  at  about  300  feet,  the  individual  members  are  very  lenticular 
and  somewhat  irregular  in  position.  The  names  of  the  members  as 

1 Shaw,  E.  W.  and  Munn,  M.  J.,  Foxburg-CIarion  Folio  : U.  S.  Geol.  Survey  Geol.  Atlas 
No.  178,  1911. 

2 Renick,  B.  Coleman,  The  correlation  of  Lower  Allegheny-Pottsville  section  In  western 
Pennsylvania  : Journal  of  Geology,  vol.  XXXII,  no.  1,  Jan.-Feb.  1924,  pp.  64-80. 
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used  in  this  report  imply  only  approximate  position  in  the  general 
section  and  not  definite  identity  with  the  beds  at  the  type  localities 

The  Upper  Freeport  coal  is  relatively  unimportant  in  this  quad- 
rangle. It  varies  up  to  4 feet  in  thickness,  is  being  mined  near 
the  southeastern  corner  of  the  quadrangle  and  has  been  worked  at 
West  Sunbury.  It  is  underlain  by  clay  which  is  more  persistent  than 
the  coal. 

The  Lower  Freeport  coal  is  very  persistent  throughout  the  southern 
part  of  the  quadrangle.  It  lies  220  feet  above  the  Yanport  limestone 
and  ranges  up  to  8 or  9 feet  in  thickness.  Its  maximum  thick- 
ness is  attained  near  North  Washington  where  it  has  only  a few  feet 
of  cover  and  is  called  the  Summit  vein.  Typically  it  is  separated  by 
a binder  into  two  benches.  It  is  not  extensively  mined  and  is  con- 
sidered to  have  too  high  an  ash  content  to  be  of  much  value. 

A local  coal  lying  about  midway  between  the  Lower  Freeport  and 
Upper  Kittanning  coals  is  mined  half  a mile  east  of  West  Sunbury. 
It  lies  165  feet  above  the  Vanport  limestone,  and  was  called  Currie 
coal  by  Chance. 1 

Kittanning  coal  zone.  In  the  brownish  shales  and  lenticular  gray 
sandstones  extending  from  25  up  to  130  feet  above  the  Vanport  lime- 
stone lie  the  Lower,  Middle  and  Upper  Kittanning  coals  and  their 
associated  under  clays.  The  Upper  Kittanning  coal  is  extensively 
mined  in  the  southern  and  central  parts  of  the  quadrangle.  South- 
west of  North  Washington  and  east  of  Murrinville  it  is  a cannel  coal. 
The  Middle  and,  less  extensively,  the  Lower  Kittanning  coals  are 
worked  in  the  northern  part  of  the  area,  especially  near  Nectarine. 

The  Vanport  limestone  member  is  the  best  key  stratum  in  the 
quadrangle  for  correlating  and  determining  the  structure  of  the  rocks. 
It  crops  out  across  the  central  and  northern  part  of  the  area  and  is 
reported  in  numerous  well  records  in  the  southern  part.  It  is  valuable 
for  making  lime  and  portland  cement  and  is  extensively  quarried  at 
Annandale,  AVick,  Branchton  and  elsewhere.  It  is  a dark  gray  fossili- 
ferous  limestone.  It  is  usually  dense  and  massive  but  in  places  is  thin- 
bedded.  It  ranges  up  to  20  feet,  or  possibly  more,  in  thickness  and 
averages  about  10  feet  but  locally  it  disappears  altogether. 

Scrubgrass,  Clarion  and  Brookville  coals.  The  lower  40  to  60  feet 
of  the  Allegheny  group  consists  chiefly  of  shale  in  which  occur  variable 
beds  of  coal,  the  Scrubgrass,  or  Upper  Clarion,  the  Lower  Clarion  and 
the  Brookville,  and  their  under  clays.  The  Scrubgrass  and  Brook- 
ville coals  are  thin  and  mined  only  for  local  use  at  a few  places  in 
the  northern  part  of  the  quadrangle.  AVhere  present  they  lie  about 
15  to  30  and  55  to  65  feet  respectively  below  the  top  of  the  Vanport 
limestone.  The  Lower  Clarion  is  thicker  and  more  persistent  than 
the  other  coals  of  this  zone.  It  has  been  mined  in  the  valley  of  Slip- 
pery Rock  Creek  from  Argentine  to  Keenan.  It  is  characteristically 
underlain  by  several  feet  of  clay. 


1 Chance,  H.  Martyn,  Northern  Butler  County:  Second  Penna.  Geol.  Survey  Report 

vol.  V,  1879,  p.  65. 
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POTTSVILLE  SERIES 

The  Pottsville  series  has  long  been  considered  to  extend  from 
the  base  of  the  Brookville  coal,  or  its  under  clay,  to  the  top  of  the 
Pocono  series.  It  consists  of  massive  sandstones  separated  by  sub- 
ordinate shale  members  and  thin  lenses  of  coal  and  clay.  It  crops  out 
in  the  valleys  and  on  the  lower  hills  in  the  northern  part  of  the 
quadrangle.  It  is  here  170  to  200  feet  thick  and  is  divisible  into  the 
Homewood,  Mercer,  Upper  Connoquenessing,  Quakertown,  and  Lower 
Connoquenessing  members. 

The  Homewood  is  the  uppermost  member  of  the  Pottsville  group. 
Typically  it  consists  of  gray,  medium-grained  sandstone  10  to  40  feet 
thick.  This  sandstone  is  designated  60  Foot  Sand  in  most  well  rec- 
ords. Locally  the.  entire  member  becomes  shaly  and  in  parts  of  the 
area  it  is  represented  entirely  by  shale. 

The  Mercer  member  consists  of  about  40  feet  of  brown  to  black 
shale  in  which  occur  irregular  layers  of  coal,  clay  and  siderite  con- 
cretions. One  of  these  coal  beds  lying  about  120  feet  below  the  Van- 
port  limestone  is  2 to  4 feet  thick  in  parts  of  the  area  and  has  been 
mined  on  a small  scale.  This  is  the  coal  which  was  mapped  as  Brook- 
ville by  Shaw  and  Munn.1  It  is  overlain  by  5 or  more  feet  of  dark 
slaty  shale  and  underlain  by  clay.  It  serves  as  a key  stratum  for  sur- 
face structure  mapping  over  much  of  the  northern  part  of  the  area 
where  the  Vanport  limestone  has  been  removed  by  erosion. 

The  Upper  C onnoquenessing  is  a coarse-grained  massive  gray  sand- 
stone averaging  about  40  feet  in  thickness.  Locally  it  is  much  cross- 
bedded.  It  outcrops  along  the  upper  parts  of  the  Scrubgrass  and 
Allegheny  valleys  where,  with  the  underlying  sandstones,  it  forms 
precipitous  cliffs.  It  forms  the  uppermost  part  of  the  Mountain  sand 
of  some  well  records  and  in  others  is  recognized  as  a separate  mem- 
ber and  designated  the  60  Foot  or  40  Foot  sand. 

The  Quakertown  member  lies  between  the  Upper  and  Lower  Con- 
noquenessing sandstones.  It  consists  of  a few  inches  to  40  feet  of 
dark  brown  to  black  shale  in  which  occur  siderite  concretions  and  ir- 
regular sandstone,  clay  and  coal  lenses.  The  best  exposure  of  the 
member  seen  is  at  Sutton  Mill,  where  it  is  36  feet  thick.  The  coal  of 
this  member  appears  not  to  be  of  workable  thickness  anywhere  in  the 
quadrangle. 

The  Lower  C onnoquenessing  is  a massive  sandstone  closely  similar 
in  character  and  thickness  to  the  Upper  Connoquenessing.  It  is  the 
uppermost  part  of  the  Mountain  sand  in  most  well  records.  It  forms 
the  bottom  member  of  the  Pottsville. 

The  Pottsville  rests  unconformably  on  the  Mississippian.  The  rocks 
below  the  unconformity  were  tilted  southward,  probably  folded 
slightly,  and  truncated  by  erosion  before  the  Pottsville  was  deposited. 
Because  of  this  unconformity  the  distance  from  the  “key”  Vanport 
limestone  to  Mississippian  and  Devonian  sands  increases  about  40  feet 
southward  across  this  quadrangle  and  has  resulted  in  much  of  the 
misnaming  of  sands  in  the  well  records.  This  unconformity  lies  at  an 

1 Shaw,  E.  W.  and  Munn,  M.  J.,  op.  cit. 
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elevation  of  about  1,250  feet  in  the  gorges  of  the  Allegheny  River 
ancl  Scrubgrass  Creek  where  its  general  position  ean  be  determined, 
although  at  no  place  in  the  quadrangle  was  a clean  exposure  of  it 
found. 


Mississippian  System 

Pocono  series.  The  lower  330  feet  (approximately)  of  exposed 
strata  in  this  quadrangle  belong  to  the  Burgoon  and  Cuyahoga  groups 
of  the  Pocono  series.  The  upper  Mississippian  series,  the  Mauch 
Chunk,  is  not  present  in  this  quadrangle.  It  is  thought  that  it  was 
removed  by  erosion  in  the  period  of  time  represented  by  the  uncon- 
formity at  the  base  of  the  Pottsville. 


BURGOON  GROUP 

The  upper  250  to  270  feet  of  Mississippian  rocks  here  consist  of 
sandstone  with  subordinate  shale  members  and  constitute  the  Burgoon 
group.  The  correlation  of  individual  members  of  this  group  with 
named  stratigraphic  units  in  other  parts  of  Pennsylvania  as  suggested 
below  is  based  on  preliminary  sections  through  the  intermediate  areas 
and  should  not  be  considered  final. 

Burgoon  sandstone  member.  The  upper  75  to  100  feet  of  this  group 
consists  predominantly  of  medium-  to  coarse-grained,  gray  to  greenish 
sandstone.  Typically  this  sandstone  occurs  in  platy  layers  4 inches 
to  one  foot  thick  interbedded  with  soft,  gray  or  greenish  shales. 
Weathering  of  the  shale  causes  it  to  slump  so  rapidly  that  this  part 
of  the  section  is  not  cleanly  exposed  anywhere  in  the  quadrangle.  This 
general  sand  horizon  constitutes  the  lower  part  of  the  Mountain  sand 
of  most  well  records. 

Hemjyfield  (Shenango)  shale  member.  Below  the  Burgoon  sand- 
stone lies  75  to  100  feet  of  soft  shale  in  which  occur  a few  sandstone 
lenses.  This  shale  is  not  sufficiently  well  exposed  that  its  exact  thick- 
ness or  character  can  be  determined.  Apparently  it  is  gray  in  its 
lower  portion  and  greenish  gray  to  red  in  the  upper  part.  A few 
well  records  indicate  that  the  upper  10  to  20  feet  of  it  are  red.  Sev- 
eral wells  in  the  southern  part  of  the  quadrangle  record  under  the 
name  Green  sand  a 10  to  15  foot  sandstone  layer  in  the  central  portion 
of  this  shale  interval.  This  sand  is  not  recorded  in  wells  in  the 
northern  part  of  the  area  and  was  not  identified  with  certainty  on 
the  outcrop. 

The  shale  member  described  above  occupies  the  stratigraphic  posi- 
tion of  the  Shenango1  shale,  renamed  Ilempfield2  shale  by  Caster,  of 
Crawford  County. 

Shenango  sandstone  member.  The  lower  75  to  90  feet  of  the  Bur- 
goon group  consists  of  sandstone  and  subordinate  shale  layers.  The 
sandstone  is  coarse-  to  fine-grained,  light  to  dark  brown,  and  gen- 

1 White,  I.  C.,  Geology  of  Erie  and  Crawford  Counties,  Second  Penna  Geol  Surv 
Report  Q4,  p.  78,  1881. 

2 Caster,  Kenneth  E.,  Stratigraphy  and  paleontology  of  northwestern  Pennsylvania  ■ 
Bull,  of  Am.  Paleo.,  vol.  21,  no.  71,  1934,  p.  141. 
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erally  stratified  in  thin  platy  layers.  Iron  carbonate  concretions  up 
to  2 inches  in  diameter  occur  in  both  the  shale  and  the  sandstone  and 
are  especially  abundant  near  the  bottom  of  the  member.  The  top  10 
to  20  feet  of  the  member  consists  of  thicker  bedded  and  slightly 
coarser  sandstone.  The  shale  layers  range  from  less  than  an  inch  to 
6 or  more  feet  in  thickness  and  from  black  or  dark  gray  to  brown. 

The  Shenango  is  designated  Gray  sand  in  well  records.  Its  maxi- 
mum thickness  of  about  90  feet  is  developed  in  the  southern  part  of  the 
quadrangle. 

The  interval  from  the  base  of  the  Shenango  to  the  base  of  the  Potts- 
ville  increases  from  about  40  feet  at  Tidioute  to  about  260  feet  in  the 
Hilliards  quadrangle  and  300  feet  in  the  Foxburg  quadrangle. 

CUYAHOGA  GROUP 

Below  the  Shenango  sandstone  lie  about  200  feet  of  shale  in  which 
a few  sand  members  are  reported,  at  irregular  horizons,  in  well  rec- 
ords. Eighty  feet  or  less  of  the  upper  part  of  these  shales  lie  above 
water  level  in  the  lower  parts  of  the  Allegheny  and  Scrubgrass  valleys 
but  are  generally  concealed.  Half  a mile  north  of  the  quadrangle, 
where  Scrubgrass  Creek  enters  the  Allegheny  River,  46  feet  of  dark 
gray  fissile  shale  with  interbedded  thin  layers  of  steel-gray,  fine- 
grained sandstone  are  exposed.  This  probably  represents  the  upper 
46  feet  of  the  Cuyahoga. 

In  the  northwestern  part  of  Pennsylvania  there  are  many  good 
exposures  of  the  Cuyahoga.  In  Crawford  County  it  is  about  200  feet 
thick  and  has  been  divided  into  three  members : the  Meadville  shale 
above,  the  Sharpsville  sandstone,  and  the  Orangeville  shale  below. 
The  part  of  the  Cuyahoga  that  outcrops  in  the  Hilliards  quadrangle 
probably  belongs  to  the  Meadville  shale  member  and,  perhaps,  to  the 
upper  part  of  the  Sharpsville  sandstone.  Subdivision  of  the  group 
into  distinct  members  was  not  found  possible  here,  however,  either 
on  the  outcrop  or  in  well  records. 


SUBSURFACE  STRATIGRAPHY— THE  OIL  AND  GAS  SANDS  AND  POOLS 

List  of  Oil  and  Gas  Sands 

Approximately  2,700  feet  of  rock  strata  lying  below  the  lowest  ex- 
posed horizon  have  been  penetrated  while  drilling  for  oil  and  gas.  At 
least  45  different  names  have  been  applied  by  the  drillers  to  the  sands 
in  this  subsurface  part  of  the  section.  To  each  sand,  with  a few  ex- 
ceptions, two  or  more  different  names  have  been  applied  in  different 
parts  of  the  quadrangle  and  some  names  have  been  applied  to  several 
different  sands.  This  confusion  of  nomenclature  is  a natural  result 
of  the  fact  that  few  sands  are  continuous  or  regular  in  position  over 
large  areas,  and  that  the  distance  of  each  sand  from  the  Vanport 
limestone  increases  southward. 

To  clarify  the  nomenclature  and  to  determine,  as  nearly  as  possible, 
the  true  stratigraphic  conditions  here,  several  detailed  well-to-well 
correlation  sections  were  drawn  in  various  directions  and  positions 
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TABLE  1.  SHALLOW  OIL  AND  GAS  SANDS  OF  HILLIARDS  QUADRANGLE 


across  the  quadrangle.  Wherever  possible  the  correlations  thus  indi- 
cated were  checked  by  a comparison  of  the  character  of  the  sand  and 
of  the  oil  occurring  in  it.  Four  of  these  correlation  sections  are  pub- 
lished as  Figures  1,  2,  3,  and  4 in  this  report.  Preliminary  correlation 
sections  have  been  run  from  this  quadrangle  to  the  Tidioute  quad- 
rangle and  to  the  type  areas  of  the  Oil  Creek  Valley.  The  correlations 
thus  drawn  are  shown  in  Table  1.  In  this  table  and  in  the  discussion 
of  the  sands  to  follow,  the  name  most  commonly  applied  to  each  sand 
is  used.  Correlations  with  type  localities  are  tentative,  pending  de- 
tailed work  in  the  intervening  areas. 


Descriptions  of  the  Sands  and  Pools 

MISSISSIPPI  AN  SYSTEM 

The  Mississippian  system  is  about  550  feet  thick  in  this  quadrangle 
and  is  considered  to  extend  from  the  unconformity  at  the  base  of  the 
Pottsville  down  to  the  top  of  a persistent  red  shale  member  that  lies 
790  to  810  feet  below  the  top  of  the  Vanport  limestone.  In  the  report 
on  the  Tidioute  quadrangle1  the  Mississippian-Devonian  was  tenta- 
tively drawn  at  the  base  of  the  Knapp  beds  which  there  lie  about  120 
feet  below  the  top  of  the  Corry  sandstone  and  110  feet  above  the  top 
of  the  First  oil  sand.  This  horizon  has  been  traced  southward  into 
the  Hilliards  quadrangle  and  found  to  lie  at  the  top  of  this  red  shale 
member.  The  upper  330  feet  of  the  Mississippian  is  exposed  and  was 
discussed  above.  The  lower  220  feet  is  known  only  from  well  records. 

The  upper  120  feet  of  this  unexposed  section  consists  predominantly 
of  shale  and  constitutes  the  lower  part  of  the  Cuyahoga  group  de- 
scribed earlier  in  this  report. 


KNAPP  GROUP 

St.  Patrick  sand.  The  first  unexposed  sand  that  is  consistently  re- 
ported in  the  more  complete  well  records  lies  about  180  feet  below 
the  Shenango  or  Gray  sand  and  is  designated  the  St.  Patrick  or  Amber 
sand  in  most  records  and  the  Gas  or  Salt  in  others.  It  ranges  up  to 
25  feet  in  thickness  and  averages  about  15  feet.  Although  not  com- 
mercially productive,  small  quantities  of  gas  are  reported  in  it  in  a 
few  wells.  The  correlation  sections  northward  from  this  quadrangle 
indicate  that  this  sand  is  the  equivalent  of  the  Corry  sandstone,  or  at 
least  the  lower  member  of  that  sandstone.  It  is  thought  to  be  the  top 
member  of  the  Knapp  group  of  the  Bradford  district. 

Gas  sand.  The  sand  designated  Gas  or  Berea  in  most  records  here 
lies  about  35  feet  below  the  top  of  the  St.  Patrick  sand  and  averages 
about  20  feet  in  thickness.  Locally,  especially  in  the  southern  part 
of  the  quadrangle,  it  is  reported  50  to  100  feet  thick.  There  maximum 
thicknesses  apparently  indicate  failure  to  recognize  or  record  the  shale 
interval  between  the  St.  Patrick  and  this  sand.  The  designation 

1 Cathcart,  S.  H.,  Sherrill,  R.  E.,  and  Matteson,  L.  S.,  Geology  of  the  Oil  and  Gas 
Fields  of  the  Tidioute  quadrangle,  Pennsylvania  : Penna.  Topo.  and  Geol.  Survey  Bull. 

118,  1938,  p.  2. 
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“Berea”  for  this  sand  is  more  common  in  the  northern  part  of  the 
area.  It  is  considered  in  this  report  to  lie  in  the  lower  part  of  the 
Knapp  group. 

Typically  the  Gas  sand  is  a fairly  hard,  fine-grained,  light  gray 
sandstone  in  which  occur  layers  or  lenses  of  loosely  cemented  “soft” 
sand.  Several  small  gas  fields  producing  from  the  softer  portion  of 
the  sand  have  been  discovered,  especially  in  the  western  part  of  the 
quadrangle  near  Keisters  and  Barkeyville.  In  these  producing  areas 
the  sand  is  generally  less  than  20  feet  thick  and  productive  from  only 
5 to  10  feet  of  the  total  sand  thickness.  The  Barkeyville  field  is  the 
largest  so  far  discovered  in  this  sand.  It  was  discovered  about  1005 
and  early  wells  in  it  are  reported  to  have  produced  up  to  one  million 
cubic  feet  of  gas  per  day  with  a rock  pressure  up  to  200  pounds  per 
square  inch.  This  field  is  now  abandoned. 

It  is  considered  probable  that  undiscovered  Gas  sand  pools  are 
present  in  the  western  portion  of  the  quadrangle.  Apparently  the 
location  of  Gas  sand  pools  here  is  determined  primarily  by  the  local 
sand  conditions,  but  this  seems  modified  by  structure  and  the  struc- 
turally high  areas  should  be  favored  in  prospective  drilling.  The 
Barkeyville  field  is  on  a gentle  southwest-plunging  anticline  and  the 
Keisters  producing  areas  lie  on  the  crest  or  southeastern  flank  of  the 
Homewood  anticline  (See  Figures  5 and  6).  In  contrast  to  these 
favorable  structural  positions,  the  small  Gas  sand  pool  three  miles 
northwest  of  Eau  Claire  is  in  a general  synclinal  area. 


Devonian  System 

VENANGO  OIL  SAND  GROUP 

At  the  Oil  Creek  type  locality  the  Venango  Oil  Sand  group  con- 
sists, in  descending  order,  of  the  First,  Second,  Third  Stray  and  Third 
Venango  oil  sands.  This  general  unit  is  clearly  recognizable  through- 
out the  Hilliards  quadrangle,  where  it  is  about  410  feet  thick  and  in- 
cludes the  sands  from  the  top  member  of  the  First  or  Hundred  Foot 
sand  formation  through  the  Fourth  sand.  The  southward  increase  in 
total  thickness  of  the  group  is  primarily  the  result  of  the  addition  of 
a member,  the  Clover  Seed  sand,  to  the  upper  part  of  the  First  sand. 
The  Fourth  sand  at  the  bottom  of  the  group  is  probably  an  added 
member  also. 

The  Venango  Oil  Sand  group  includes  the  most  productive  oil  and 
gas  sands  of  this  quadrangle  and  has,  therefore,  received  particular 
attention  in  this  study.  Ten  general  sand  members  are  recognizable 
in  the  group.  Each  of  these  sands  is  lenticular  and  somewhat  variable 
in  stratigraphic  position.  Locally  two  or  more  members  combine  to 
form  single  sand  units  and  in  only  a few  places  are  all  ten  of  the 
sands  present  as  distinct  members.  The  natural  result  of  this  strati- 
graphic complexity  is  that  each  sand  has  been  variously  named  in 
different  parts  of  the  quadrangle.  Some  21  names  have  been  assigned 
in  well  records  in  the  quadrangle  to  the  sands  of  this  group. 

The  ten  sand  members  of  the  group  may  be  considered  as  belonging 
to  three  general  sand  formations,  the  First,  Second  and  Third  forma- 
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tions.  Within  each  of  these  formations  the  sand  members  “split,” 
lens  out  or  combine  irregularly,  but  the  shale  intervals  between  forma- 
tions seems  fairly  constant  in  that  sand  members  of  one  formation  do 
not,  so  far  as  known,  combine  within  the  quadrangle  with  members 
of  another  formation.  In  the  discussion  of  individual  sands  below, 
each  sand  is  considered  as  a member  of  one  of  these  three  formations 
of  the  group.  The  relative  positions  and  lateral  variations  of  these 
sands  may  be  seen  in  the  well-to-well  sections  accompanying  this  re- 
port. 

FIRST  SAND  FORMATION 

The  upper  three  s'and  members  of  the  Venango  group  in  this  quad- 
rangle, together  with  the  shales  separating  these  sands,  are  parts  of 
one  general  formation  which  is  designated  the  First  Sand  formation 
in  this  report.  This  formation  averages  120  feet  in  thickness.  It  is 
overlain  by  about  50  feet  of  red  shale,  the  top  of  which  is  thought  to 
be  the  Mississippian-Devonian  contact  here.  In  parts  of  the  quad- 
rangle, especially  the  southern  and  eastern  parts,  the  three  members 
combine  into  one  thick  sand.  (See  Fig.  1.)  This  thick  sand  is  the 
Hundred  Foot  sand  of  most  well  records  here  and,  probably,  of  the 
Pittsburgh  and  other  quadrangles  south  of  this.  The  term  Hundred 
Foot  is  also  used  in  well  records  in  the  Hilliards  quadrangle,  however, 
to  designate  the  middle  member  of  the  formation,  and,  less  commonly, 
the  upper  and  lower  members. 

Clover  Seed  sand.  The  Clover  Seed  sand  is  the  top  member  here 
of  the  First  Sand  formation,  but  is  well  developed  as  a separate  sand 
only  in  the  western  part  of  the  quadrangle.  Through  most  of  the 
central  and  eastern  parts  of  the  quadrangle  it  is  united  with  the  First 
sand  below  to  constitute  the  upper  part  of  the  Hundred  Foot  sand 
of  well  records.  (See  Fig.  1.) 

Where  typically  developed  the  Clover  Seed  is  a pebbly  sandstone, 
10  to  15  feet  thick,  separated  from  the  First  sand  by  20  to  30  feet  of 
red  or  brown  shale.  It  has  produced  gas  in  the  western  part  of  the 
quadrangle,  especially  at  Wick,  northeast  of  Unity  Church,  and  in 
the  Second  sand  oil  pool  south  of  Branchton.  (See  Fig.  6.)  Only 
three  wells  now  producing  gas  solely  from  this  sand  were  found  in 
the  quadrangle  and,  so  far  as  could  be  determined,  it  has  produced 
no  oil  here. 

First  sand.  The  central  40  to  60  feet  of  the  First  Sand  formation 
consists  of  fine-  to  coarse-grained  gray  sandstone.  This  is  the  most 
persistent  sandstone  member  of  the  formation  and  constitutes,  in  gen- 
eral, the  central  part  of  the  Hundred  Foot  sand  in  well  records.  AVith 
very  few  exceptions,  it  is  called  Hundred  Foot  sand  in  the  pools  pro- 
ducing oil  or  gas  from  it.  As  it  is  this  central  part  of  the  formation 
that  is  thought  to  be  correlative  with  the  true  First  sand  of  Oil  Creek, 
tills  member  is  designated  First  sand  in  this  report. 

The  First  sand  is  the  most  important  oil-  and  gas-producing  member 
of  the  First  Sand  formation.  The  three  principal  First  sand  oil  pools 
in  the  quadrangle  are  aligned  in  a general  northwesterly  direction 
from  Annisville  to  Ferris.  (See  Fig.  6.)  Development  of  these  three 
pools  began  in  1916,  when  wells  producing  up  to  25  barrels  of  oil  and 
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75  to  100  barrels  of  salt  water  a day,  were  drilled.  The  sand  in  these 
pools  is  50  to  60  feet  thick  and  overlain  and  underlain  by  dark  gray 
shale.  The  oil  production  is  derived  largely  from  the  upper  part  of 
the  sand  body  where  two  “pay”  sands,  each  6 to  7 feet  thick,  occur. 
These  “pay”  sands  are  separated  by  about  6 feet  of  “tight,”  non- 
productive sandstone  and  underlain  by  an  8-foot  stratum  of  coarse, 
pebbly,  water-bearing  sandstone.  The  bottom  10  feet  of  the  sand  is 
hard  and  non-productive.  The  oil  is  dark  green  in  color  and  of  48° 
to  50°  A.P.I.  gravity.  Small  quantities  of  gas  were  produced  with 
the  oil,  but  apparently  gas  sufficient  to  saturate  the  oil  and  form  a gas 
cap  was  not  present.  The  wells  in  about  half  the  area  of  these  three 
pools  are  now  abandoned  (See  Fig.  6)  and  the  remainder  pump  about 
one-fifth  of  a barrel  of  oil  per  day.  Sufficient  drilling  has  been  done 
between  these  pools  to  indicate  definitely  that  the  sand  is  there  tight 
and  non-productive,  but  very  few  wells  have  been  drilled  east  of  the 
Annisville  pool  and  it  seems  quite  probable  that  additional  First  sand 
oil  accumulation  may  occur  there. 

Besides  the  above-mentioned  pools,  the  First  sand  has  produced 
small  quantities  of  oil  in  14  or  more  small  pools  and  several  isolated 
wells  in  this  quadrangle.  (See  Fig.  6.)  At  least  9 small  gas  pools 
have  been  developed  in  this  sand  and  numerous  wells,  especially  in  the 
southeastern  part  of  the  area,  report  “shows”  or  small  production  of 
oil  or  gas  from  it. 

Except  for  the  northwesterly  alignment  of  the  Argentine  to  Ferris 
pools,  no  systematic  trend  nor  relation  of  the  First  sand  production  to 
structure  is  apparent.  The  sand  is  water-bearing  over  most  of  the 
quadrangle  and  in  most  pools  producing  from  deeper  sands,  as  in  the 
Bullion-Clintonville  area,  casing  through  it  is  necessary. 

Salt  sand.  The  bottom  member  of  the  First  Sand  formation  is  recog- 
nizable as  a separate  member  over  most  of  the  quadrangle.  It  is  called 
Salt  sand  in  most  of  the  well  records,  especially  in  the  northeastern 
part  of  the  quadrangle,  and  Thirty  Foot  or  Fifty  Foot  sand  in  others. 
This  is  the  Thirty  Foot  sand  of  many  of  the  well  records  in  the  south- 
eastern part  of  the  quadrangle,  but  the  Rosenberry,  and  Second  are 
also  designated  Thirty  Foot  in  records  there.  In  conformity  with  the 
usage  in  most  well  records,  this  bottom  member  of  the  First  sand 
formation  is  called  Salt  sand  in  this  report.  It  is  definitely  higher 
stratigraphically  than  the  Salt  sand  of  the  Tidioute  quadrangle  and 
lower  than  the  Salt  sand  of  southwestern  Pennsylvania.  It  occupies 
the  stratigraphic  position  of  the  White  sand  of  the  Tidioute  quad- 
rangle, but  definite  correlation  with  that  sand  has  not  yet  been  made. 

The  Salt  sand  averages  about  10  feet  in  thickness.  Shows  of  oil 
or  gas  are  reported  from  it  in  a few  wells  in  the  eastern  part  of  the 
quadrangle,  and  small  quantities  of  oil  have  been  produced  from  it 
west  of  Six  Points.  Gas  has  been  produced  from  it  northwest  of  Lis- 
bon. (See  Fig.  6.) 

SECOND  SAND  FORMATION 

The  Second  Sand  formation  is  a general  stratigraphic  unit  extend- 
ing from  the  base  of  the  Salt  sand  to  the  base  of  the  Second  sand.  This 
formation  averages  130  feet  in  thickness  and,  where  typically  devel- 
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oped,  consists,  in  descending  order,  of : a shale  member  30  feet  or  more 
thick ; the  Rosen  berry  sand  ; red  shale  ; and  the  Second  sand. 

Bosenberry  sand.  The  Rosenberry  is  the  upper  sand  member  of  the 
Second  Sand  formation.  It  is  a light  gray,  coarse-grained  to  pebbly 
sandstone.  It  is  25  to  30  feet  thick  in  the  eastern  part  of  the  quad- 
rangle, but  thins  to  the  west  and  is  reported  in  very  few  wells  in  the 
western  part  of  the  quadrangle.  Where  typically  developed  it  is 
separated  from  the  Second  sand  below  by  about  30  feet  of  red  shale. 
Along  the  central  eastern  edge  of  the  quadrangle  it  reaches  a thickness 
of  50  feet.  This  eastward  thickening  is  in  the  bottom  of  the  sand  and 
continues  to  the  Rosenberry  pool  of  the  Foxburg  quadrangle,  where 
it  is  combined  with  the  Seocnd  sand. 

The  Rosenberry  sand  is  designated  Thirty  Foot  sand  in  most  well 
records  in  the  southeastern  part  of  the  quadrangle  and  Boulder  or  Sec- 
ond sand  in  a few.  It  is  the  Red  Valley  sand  of  the  northeastern  part 
of  the  quadrangle.  It  is  thought  to  be  correlative  with  the  Second  sand 
of  the  Tidioute  quadrangle  and  with  the  Lyttle  sand  of  Pleasantville. 

The  Rosenberry  sand  is  producing  oil  at  Hilliards,  Rockland,  and 
in  several  small  pools  in  the  southeastern  part  of  the  quadrangle.  (See 
Fig.  7.)  The  oil  is  light  amber  in  color  and,  at  Hilliards,  is  of  about 
52°  A.P.I.  gravity.  This  sand  has  produced  fairly  large  quantities  of 
gas  between  Argentine  and  Higgins  Corners.  Development  of  this 
gas  field  began  about  1924.  It  is  now  largely  abandoned.  Initially 
the  wells  produced  up  to  two  million  cubic  feet  of  gas  a day  with  a 
rock  pressure  of  300  to  400  pounds  per  square  inch.  The  gas  here  is 
described  as  very  dry,  indicating  that  this  field  is  not  continuous  with 
the  Rosenberry  sand  oil  pools  to  the  south.  The  gas  accumulation  here 
is  apparently  the  result  of  the  northwestern  pinching  out  of  the  sand 
as  it  rises  onto  the  Eau  Claire  anticline.  (See  Fig.  7.)  This  gas 
pool  lies  between  two  First  sand  oil  pools  (See  Fig.  6)  which  otherwise 
might  be  thought  to  connect. 

Second  sand.  In  extent  and  character  the  Second  sand  is  the  most 
persistent  and  regular  member  of  the  Venango  group  in  this  quad- 
rangle. It  lies  at  an  average  position  of  1,070  feet  below  the  top  of  the 
Vanport  limestone,  but  this  interval  increases  from  about  1,050  feet  in 
the  northeastern  part  of  the  quadrangle  to  1,090  or  1,100  feet  in  the 
southern  part.  Typically  it  is  a medium-  to  fine-grained  light  gray 
sandstone  about  40  feet  thick.  A medial  gray  shale  up  to  10  feet  in 
thickness  is  reported  in  it  at  a few  places  in  the  central  and  north- 
eastern parts  of  the  quadrangle.  This  medial  shale  is  persistently 
present  in  the  northwestern  part  of  the  quadrangle  and  divides  the 
sand  into  upper  and  lower  sand  layers.  The  upper  of  these  sand 
layers,  5 to  15  feet  thick  where  present,  does  not  extend  west  of  a 
general  northeasterly  line  from  Coaltown  to  Bullion.  The  lower  layer, 
10  to  25  feet  thick,  continues  to  the  western  boundary  of  the  quad- 
rangle. 

Throughout  most  of  the  central  and  northern  parts  of  the  quad- 
rangle the  Second  sand  is  correctly  designated  Second  sand  in  well 
records.  In  the  southern  one-third  of  the  quadrangle  it  is  designated 


14 


Thirty  Foot  sand  in  most  records  except  in  the  southeastern  part, 
where  it  is  called  Boulder  sand.  At  Keisters,  where  only  the  lower 
sand  layer  is  present,  it  is  also  designated  Boulder. 

The  structure  of  the  Second  sand  is  represented  by  10-foot  con- 
tours on  Figure  7,  at  the  end  of  this  report.  This  sand  was  chosen 
as  the  best  horizon  for  depicting  the  subsurface  structure  because  of 
its  comparative  persistence  and  regularity  and  because  records  to  it 
are  available  over  most  of  the  quadrangle.  In  the  western  part  of  the 
quadrangle,  where  the  upper  layer  of  the  sand  is  not  present,  20  feet 
was  added  to  the  elevations  on  the  top  of  the  lower  layer  and  the  ele- 
vations thus  obtained  considered  to  be  stratigraphically  on  the  same 
horizon  as  the  top  of  the  sand  where  it  is  fully  developed. 

As  can  be  seen  by  a comparison  of  Figures  5 and  7,  the  structure 
of  the  Second  sand  conforms  in  general  with  that  of  the  Vanport 
limestone.  The  greater  irregularity  of  the  contours  in  some  areas,  as 
in  the  Bullion-Clintonville  pool,  is  primarily  the  result  of  the  close 
detail  with  which  the  structure  is  there  controlled. 

The  Second  sand  is  one  of  the  most  important  oil-  and  gas-pro- 
ducing sands  of  the  Milliards  quadrangle.  It  has  produced  oil  over 
an  area  of  about  14,920  acres,  of  which  960  acres  are  now  classi- 
fied as  abandoned.  It  has  proven  productive  primarily  of  gas  over 
about  1,580  acres.  For  the  location  and  structure  of  these  proven 
productives  areas,  see  Figure  7. 

The  largest  and  most  important  of  the  Second  sand  pools  are  the 
Bullion-Clintonville  and  the  Cherry  Valley.  The  Bullion-Clintonville 
pool  is  productive  also  from  the  Third  sand  and  is  discussed  later  in 
this  report. 

Cherry  Valley  pool:  The  Cherry  Valley  pool  extends  from  midway 

between  Eau  Claire  and  Deegan  to  and  beyond  the  eastern  boundary 
of  the  quadrangle  (See  Fig.  7),  where  it  overlaps  the  Third  sand  pro- 
ducing area  of  the  Byram  pool.  As  thus  delimited,  the  Cherry  Valley 
pool  includes  the  areas  locally  referred  to  as  Eau  Claire,  Cherry  Val- 
ley, and  Sandy  Point  Second  sand  pools.  Although  the  productive 
possibilities  of  the  Second  sand  in  this  area  had  been  shown  in  1879 
by  Third  sand  wells  of  the  Byram  pool,1  active  development  of  the 
pool  began,  about  1900,  northwest  of  Eau  Claire.  The  initial  produc- 
tion of  the  wells,  all  of  which  were  pumped,  ranged  from  1 to  50  bar- 
rels per  day.  Considerable  gas  was  produced  with  the  oil,  especially 
in  the  northern  part  of  the  pool. 

The  Second  sand  of  the  Cherry  Valley  pool  ranges  from  25  to  45 
feet  and  averages  36  feet  in  thickness.  The  lower  one-lialf  or  more  of 
the  sand  body  is  fine-grained  and  productive  in  only  a few  wells. 
The  upper  part  of  the  sand  is  very  coarse-grained  to  pebbly  and  consti- 
tutes the  main  “pay”  sand.  This  “pay”  sand  ranges  from  5 to  23 
feet  and  averages  11  feet  in  thickness.  Locally  it  is  overlain  by  thin 
conglomerate  lenses  containing  disc-shaped  pebbles  up  to  1 inch  or 
more  in  diameter.  The  structure  of  the  top  of  the  sand  is  shown  on 
Figure  7.  As  there  indicated,  the  largest  productive  area  lies  on  the 

1 See,  Chance,  H.  Martyn,  Northern  Butler  County,  Second  Penna.  Geological  Survey 
Report  V,  1879,  p.  139. 
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Eau  Claire  anticline,  and  apparently  this  fold  has  influenced  accumu- 
lation. Although  the  greater  segregation  of  oil  in  the  western  part 
of  the  pool  is  apparently  the  result  of  this  anticline,  the  pool  as  a 
whole  is  primarily  the  result  of  favorable  sand  conditions  as  indicated 
by  its  easterly  extension  beyond  the  limits  of  the  fold.  Up  dip  to  the 
north  the  sand  is  relatively  “tight”  and  contains  gas  in  small  quanti- 
ties. To  the  south  the  sand  is  reported  to  be  fine-grained  and  “tight.” 

The  oil  of  this  pool  is  dark  green  in  color  and  ranges  from  36°  to 
38°  A.P.I.  gravity.  The  Second  sand  oil  becomes  progressively  lighter 
both  in  color  and  in  gravity  from  the  Clintonville-Bullion  pool  to  and 
across  the  Cherry  Valley  pool.  Cherry  Valley  pool  wells  were  spaced 
about  350  feet  apart  and  very  little  redrilling  between  locations  has 
been  done.  Reliable  estimates  of  the  reserves  of  this  pool  cannot  be 
made  because  no  core  analyses  are  available,  but  the  average  “pay” 
thickness  is  11  feet,  and  2,640  acres,  of  which  150  acres  are  abandoned, 
have  been  proven  productive.  The  present  average  daily  production 
of  the  wells  is  probably  between  44  and  44  of  a barrel  of  oil  and  three 
to  four  times  that  quantity  of  water. 

So  far  as  could  be  determined,  no  secondary  recovery  methods  have 
been  applied  to  the  Cherry  Valley  pool.  It  is  considered  doubtful 
that  repressuring  or  water  flooding  would  prove  successful  here  be- 
cause of  the  conglomerate  lenses  and  other  “loose”  streaks  in  the 
upper  part  of  tjie  sand. 

Several  additional  small  productive  areas  of  oil  from  the  Second 
sand  are  shown  on  Figure  7.  The  nine  small  pools  trending  northerly 
from  the  western  end  of  the  Cherry  Valley  pool  obtained  the  oil  in 
the  upper  part  of  the  sand.  In  all  these  pools  the  production  was 
small.  Apparently  the  upper  layer  of  the  Second  sand  contains  oil, 
usually  in  non-commercial  quantities,  from  the  central  part  of  the 
Dullion-Clintonville  pool  eastward  to  a general  line  from  Cyrus  to 
Pisgah  School.  Between  this  line  and  Cherry  Valley  pool  it  contains 
principally  gas  in  small  quantities.  This  gas  has  been  produced  south 
of  Rockland,  north  of  Lisbon  and  elsewhere  as  indicated  on  Figure  7. 
In  the  drilling  of  the  Third  sand  wells  in  the  Byram  pool  south  of 
Crawford  Corners  the  Second  sand  furnished  enough  gas  to  fire  the 
boilers  and  in  some  cases  was  used  directly  in  the  engine  cylinders  as 
the  motive  power. 

THIRD  SAND  FORMATION 

The  lower  170  feet  (approximately)  of  the  Venango  Oil  Sand 
group  of  this  quadrangle  consists  of  lenticular,  fine-grained  to  con- 
glomeratic, gray  or  brown  sand  members  interstratified  with  dark 
shale.  This  general  stratigraphic  unit  is  referred  to  in  this  report  as 
the  Third  Sand  formation.  Oil-  and  gas-productive  sand  members  are 
recognizable  at  five  general  horizons  in  this  formation,  but  no  one  of 
them  is  continuous  or  entirely  constant  in  stratigraphic  position  over 
the  quadrangle.  At  the  top  of  the  formation  is  a persistent  shale 
member  20  or  more  feet  in  thickness.  For  convenience,  and  also  to 
indicate  their  tentative  correlation  with  Oil  Creek  types,  the  sand 
members  will  be  discussed  under  the  general  headings  Third  Stray, 
Third  and  Fourth  sands. 
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Third  Stray  sands.  In  the  interval  extending  from  20  to  70  feet 
below  the  Second  sand  occur  two  general  sand  members,  the 
“Boulder”  and  the  Shira.  In  the  northwestern  part  of  the  quad- 
rangle these  sands  are  present  only  as  thin  “shells.”  In  the  eastern 
part  of  the  area  they  are  more  persistent  and  locally  combine  into  one 
thick  sand  mass,  but  comparatively  few  wells  record  both  sands. 
These  two  sands  are  parts  of  a general  sandy  zone  which  occupies  the 
stratigraphic  position  of  the  Third  Stray  of  Oil  Creek. 

“ Boulder ” sand.  The  sand  designated  “Boulder”  in  this  report 
lies  30  to  40  feet  below  the  base  of  the  Second  sand  and  averages  about 
10  feet  in  thickness.  The  name  “Boulder”  is  used  for  this  sand  be- 
cause that  is  the  name  by  which  it  is  known  in  the  central-eastern  and 
northeastern  parts  of  the  quadrangle.  Correlation  of  it  with  the 
Boulder  sand  of  any  other  area  is  not  intended.  As  nearly  as  can  be 
determined  from  the  data  at  hand,  this  “Boulder”  sand  lies  strati- 
graphically  about  midway  between  the  Second  and  Third  Stray  sands 
of  Oil  Creek,  which  places  it  in  the  approximate  position  of  the 
“Little  Minister”  Stray  of  the  Tidioute  quadrangle.  In  the  central 
and  northeastern  parts  of  the  quadrangle  the  “Boulder”  ranges  from 
5 to  30  feet  thick.  In  the  southeastern  part  of  the  area  it  is  5 to  20 
feet  thick  and  designated  Stray  or  Third  sand  in  well  records.  This 
is  the  Third  sand  of  the  western  part  of  the  Petrolia  field  which  was 
considered  by  Carll1  to  be  correlative  with  the  Oil  Creek  Third  Stray. 
In  the  western  part  of  the  quadrangle  the  “Boulder”  is  present  only 
as  “shells,”  but  the  name  Boulder  is  locally  applied  in  records  to  the 
lower  layer  of  the  Second  sand. 

The  “Boulder”  produces  oil  and  gas,  usually  in  small  quantities,  in 
several  pools  throughout  the  eastern  part  of  the  quadrangle.  (See 
Fig.  7.)  The  principal  producing  area  is  east  of  Walley  Mill.  This 
is  a western  extension  of  the  Petrolia  field  and  covers  about  830  acres 
in  the  Hilliards  quadrangle.  The  sand  in  this  area  ranges  up  to 
20  feet  in  thickness.  The  “pay”  sand  averages  about  10  feet  in  thick- 
ness and  lies  in  the  lower  part  of  the  sand  member.  Initially  the 
daily  well  production  ranged  up  to  80  or  more  barrels,  but  today  it  is 
less  than  a barrel.  The  oil  is  green  in  color,  of  about  45°  A.P.I. 
gravity  and  congeals  rapidly  at  low  temperatures. 

Shira  sand.  The  Shira  sand  is  a medium-grained  to  pebbly,  green- 
isli-gray  sandstone  ranging  up  to  14  feet  in  thickness.  It  is  well  de- 
veloped only  in  the  east-central  part  of  the  quadrangle.  Stratigraph- 
ically  it  lies  about  10  feet  below  the  bottom  of  the  “Boulder”  sand 
and  about  60  feet  below  the  Second  sand.  Tt  is  the  approximate  corre- 
lative of  the  Third  Stray  of  Oil  Creek  and  the  Third  of  Tidioute. 

Shira  Streak  pool.  The  Shira  has  produced  relatively  large  quanti- 
ties of  oil  in  the  “Shira  Streak” — a long,  narrow,  northeast-trending 
pool — and  in  several  pools  bordering  this  Streak  on  the  northwest. 
(See  Fig.  7.)  Oil  production  from  the  Shira  Streak  started  about 
1893  on  the  Alexander  Bell  farm  near  Pisor  School.  Initially  many 
of  the  wells  flowed  up  to  100  barrels  a day  and  one  well  is  reported 

1 Carll,  John  F.,  Second  Penna.  Geol.  Survey,  Report  15,  1890,  p.  82. 
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to  have  flowed  at  this  rate  for  a year,  after  which  it  declined  gradually. 
The  productive  sand  of  the  Streak  is  3 to  12  feet  thick  and  is  under- 
lain and  overlain  by  dark  shale.  In  the  northeastern  part  of  the  pool 
the  top  1 foot  or  less  of  the  sand  contains  pebbles  up  to  1 inch  or  more 
in  diameter  and  is  gas  bearing.  The  oil  “pay”  sand  is  medium- 
grained  and  averages  8 to  10  feet  in  thickness.  Typically  the  sand 
reaches  its  maximum  thickness  in  the  central  portion  of  the  Streak. 
It  thins  rather  abruptly  to  a “shell”  1 foot  or  less  thick  at  the  south 
edge  of  the  Streak,  but  is  more  continuous  to  the  north,  where  several 
outlying  oil  and  gas  pools  have  been  developed.  Although  many  of 
the  early  wells  are  abandoned,  others  still  produce  in  quantities  rang- 
ing up  to  1 barrel  per  day.  Considerable  redrilling  of  the  pool  and 
of  outlying  areas  is  being  done.  Repressuring  has  been  successfully 
practised  on  a small  scale,  and  would  probably  prove  successful  over 
most  of  the  pool.  The  oil  is  green  in  color,  of  about  46°  A.P.I. 
gravity  and  does  not  congeal  in  cold  weather.  Very  little  water  is 
produced  with  the  oil.  The  sand  has  not  been  cored. 

In  the  outlying  areas  north  of  the  Shira  Streak  where  the  Shira 
was  productive  primarily  of  gas  the  wells  averaged  about  500,000  cubic 
feet  per  day.  In  the  gas-producing  portion  of  the  Streak,  as  at  Annis- 
ville,  the  wells  initially  produced  3 to  4 million  cubic  feet  of  wet  gas 
per  day.  The  original  rock  pressure  was  about  350  pounds  per  square 
inch. 

Third  sands.  In  the  35-foot  interval  extending  from  80  to  115  feet 
below  the  Second  sand,  or  1,190  to  1,225  feet  below  the  position  of 
the  Vanport  limestone,  occur  extensive  lenses  of  pebbly  sand.  Sand 
occurring  in  the  upper  part  of  this  35-foot  section  is  called  Third, 
Byram  or  Byram  Third  sand  in  records  here,  and  sand  in  the  lower 
part  is  commonly  designated  Third  or  Fourth  sand. 

Byram  Third  sand.  The  Byram  Third,  or  Byram  sand,  averages 
about  10  feet  in  thickness  and  lies  80  to  90  feet  below  the  Second  sand. 
Except  very  locally,  this  sand  is  not  present  northwest  of  a general 
line  extending  from  Rockland  to  Sherwin.  Southeast  of  this  line  it 
is  recognizable  in  most  of  the  more  complete  well  records. 

Byram  pool.  The  Byram  pool,  named  for  Byram  Center  (now 
Sandy  Point),  is  located  about  midway  between  Six  Points  and  Craw- 
ford Corners,  and  was  referred  to  by  Chance1  as  the  Six  Points-Craw- 
ford  Corners  pool.  It  was  discovered  in  1878  and  actively  developed 
during  the  succeeding  ten  years.  The  Byram  sand  here  ranges  up  to 
15  feet  and  averages  about  10  feet  in  thickness.  In  general,  it  thickens 
to  the  east.  It  is  a soft,  fine-grained,  brownish-gray  sand  in  which 
pebble  streaks  occur  locally.  Apparently  the  entire  sand  thickness  is 
“pay”  sand. 

When  first  discovered,  many  of  the  wells  produced  daily  by  natural 
flow  up  to  35  barrels  of  oil  and  large  quantities  of  gas.  No  definite 
recent  production  data  are  available,  but  the  wells  probably  produce 
about  % to  ^4  of  a barrel  daily.  Some  of  the  leases  are  being  operated 

1 Chance,  H.  Martyn,  op.  eit.,  p.  138. 
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on  a vacuum,  which  is  the  only  secondary  recovery  method  practised. 
The  oil  is  amber-green  in  color  and  of  about  43°  A.P.I.  gravity. 

Venango  Third  sand.  The  Venango  Third  sand  of  this  area,  which 
is  considered  correlative  with  the  Third  sand  of  Oil  Creek,  lies  about 
10  feet  below  the  bottom  of  the  Byram  sand,  and  about  100  feet  below 
the  Second  sand.  It  is  a medium-grained  to  pebbly  sandstone  averag- 
ing 20  to  25  feet  in  thickness  and  from  gray  to  light  chocolate-brown 
in  color.  This  is  the  Third  sand  of  the  Bullion-Clintonville  pool,  the 
Murrinville  Third,  the  lower,  productive  part  of  the  Glade  Third  of 
the  Hoover  pool  and  the  so-called  Fourth  sand  of  that  part  of  the 
Butler  County  Cross-Belt  which  lies  in  this  quadrangle.  The  areas 
producing  from  this  sand  are  indicated  in  Figure  8.  The  structure 
of  the  sand  is  not  depicted  on  this  map  because  the  top  and  bottom 
of  the  sand  are  apparently  gradational  into  the  adjoining  shales  and, 
except  locally,  cannot  be  accurately  located  from  the  records.  As 
nearly  as  can  be  determined,  the  structure  of  this  sand  conforms  in 
general  with  that  of  the  Second  sand. 

Production.  In  the  part  of  the  Butler  County  Cross-Belt  included 
in  the  southeastern  part  of  this  quadrangle  the  sand  averages  about 
35  feet  and  ranges  up  to  50  feet  in  thickness.  The  upper  10  feet  (ap- 
proximately) of  this  body  contains  small  pebbles  and  is  designated 
“Clover  Seed”  in  records.  The  “pay”  sand  is  reported  to  lie  in  a 
“white”  sand  below  this  “Clover  Seed.”  This  entire  sand  body  is 
designated  “Fourth”  sand  in  records.  Considerable  gas  occurred  with 
the  oil,  especially  in  the  northern  part  of  the  pool,  and  several  wells 
in  the  Speechley  gas  area  north  of  this  encountered  gas  in  this 
“Fourth”  sand. 

Hoover  pool.  The  Hoover  pool,  named  for  the  Hoover  farm  on 
which  the  development  started,  is  in  the  south-central  part  of  the 
quadrangle  (See  Fig.  8)  and  is  locally  referred  to  both  as  the  Hoover 
and  the  Glade  pool.  The  first  producing  well,  the  Lackey,  was  a small 
pumping  well  in  the  northern  part  of  the  pool  and  completed  in  1892. 
Flowing  wells  with  initial  daily  productions  up  to  60  or  more  barrels 
were  common  in  the  early  history  of  the  area.  These  wells  ceased 
flowing  because  of  “paraffining”  up,  and  as  this  occurred  new  wells 
were  drilled.  Twice  the  pool  has  been  almost  or  completely  aban- 
doned, but  a general  program  of  redrilling  began  about  1922  and  is 
still  in  progress.  Recently  drilled  wells  produce  initially  4 to  5 bar- 
rels per  day  and  are  pumped  until  decline,  partly  because  of  paraffin 
deposition,  necessitates  their  abandonment.  The  wells  are  closely 
spaced,  partly  because  of  the  “tightness”  of  the  sand  and  partly  be- 
cause the  paraffin  deposition  often  causes  abandonment  before  normal 
exhaustion  of  the  oil.  In  parts  of  the  pool  the  average  spacing  is  less 
than  1 acre  per  well  if  all  the  wells  that  have  been  drilled  are  counted. 

The  Third  sand  in  this  pool  ranges  up  to  about  30  feet  in  thickness. 
The  “pay”  sand  is  medium-  to  fine-grained,  generally  lies  in  the  upper 
part  of  the  sand  body,  ranges  up  to  20  feet  and  probably  averages 
about  12  feet  in  thickness.  The  core  analyses  of  two  wells  on  the 
Campbell  farm  in  the  east-central  part  of  the  field  show  13.5  and  20.25 
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feet  of  sand  averaging  respectively  11.5  and  9.6  percent  porosity. 
The  total  oil  content  of  the  sand  at  these  two  wells  was  calculated  to 
be  4,030  barrels  per  acre  and  5,625  barrels  per  acre.  If  an  average 
of  4,000  barrels  per  acre  is  assumed  for  the  entire  field  of  about  2,000 
acres,  a total  reserve  of  8,000,000  barrels  is  indicated.  As  the  pool  is 
notably  “spotty,”  however,  this  estimate  of  total  reserve  may  be  con- 
siderably in  error.  The  permeability  as  indicated  by  the  two  core 
analyses  ranges  up  to  56  millidarcies,  but  is  less  than  4 millidareies 
for  most  of  the  sand. 

A large  part  of  the  Hoover  pool  lies  in  a flat  and  locally  marshy 
valley  called  the  glade.  This  is  a part  of  the  glacial  lake  bottom  re- 
ferred to  earlier  in  the  report.  The  lake  fill  here  ranges  up  to  80  feet 
or  more  in  thickness.  Many  of  the  early  wells  were  poorly  plugged 
and  some  of  the  operators  report  that  fresh  water  is  entering  the 
sand  and  gradually  moving  southward.  The  oil  is  green  in  color  and 
of  about  40°  A.P.I.  gravity.  Small  quantities  of  water  are  produced 
with  the  oil.  The  customary  practice  calls  for  easing  through  the  First 
or  Hundred  Foot  sand. 

Adjoining  the  Hoover  pool  on  the  northeast  lies  a rather  extensive 
Third  sand  gas  pool.  Most  of  the  wells  of  this  pool  produce  less  than 
500,000  cubic  feet  daily. 

Bullion-Clintonville  oil  pool.  The  Bullion-Clintonville  is  the  major 
oil  pool  of  this  quadrangle.  It  is  productive  from  the  Second  and 
Third  sands  and  is  overlapped  on  the  southwest  by  the  Gas  sand  pro- 
duction of  the  Bai’keyville  pool.  (See  Fig.  5.) 

Although  wells  capable  of  producing  small  quantities  of  oil  had 
been  drilled  in  and  near  this  pool  prior  to  1876,  the  Phillips  well  on 
the  Gealey  farm  about  two  miles  northeast  of  Bullion  is  credited  with 
having  started  the  development  of  the  Third  sand  production  of  the 
pool.  This  well,  completed  August  2,  1876,  gauged  125  barrels  per 
day  flowing  by  heads.  It  was  followed  by  a rapid  development  of  the 
Third  sand  part  of  the  pool.  This  Third  sand  area  is  outlined  on 
Figure  8 and  will  be  discussed  later. 

Although  the  wells  drilled  to  the  Third  sand  indicated  the  possibili- 
ties of  the  Second  sand  in  the  Bullion-Clintonville  pool,  active  develop- 
ment of  Second  sand  production  xvas  not  begun  until  1897.  This  de- 
velopment started  on  Bullion  Run  about  one  mile  north  of  Bullion  and 
extended  southward  over  the  area  indicated  on  Figure  7.  The  major 
development  occux-red  from  1900  to  1910.  The  initial  prodxxction  of 
the  wells  was  small,  generally  5 to  25  barrels  per  day.  Shootixxg  of 
the  saxid  was  regular  practise  axxd  xxoxxe  of  the  Secoxxd  saxxcl  wells  flowed 
naturally.  Sxxxall  quantities  of  gas— apparexxtly  little,  if  any,  more 
than  necessary  to  saturate  the  oil  ixx  the  reservoir — were  present  and 
this  gas  is  xxow  alxxxost  completely  exhausted.  The  presexxt  production 
of  the  Secoxxd  saxxd  wells  here  averages  aboxxt  one-eighth  of  a barrel  of 
oil  and  an  equal  quantity  of  water  per  day.  The  wells  were  spaced 
aboxxt  300  feet  apart  ancl  vexy  little  redrillixxg  between  locatioxxs  has 
beexx  doxie.  Customax-y  casixig  practise  calls  for  aboxxt  400  feet  of 
G14  inch  into  or  through  the  Gray  saxxd  and  about  900  feet  of  4*4 
ixxch  throxxgh  the  First  sand. 
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Although  the  Second  sand  in  this  pool  ranges  up  to  50  feet  in  thick- 
ness, only  the  lower  10  feet  of  this  is  generally  “pay”  sand.  Typically 
this  “pay”  sand  is  a uniform,  white,  fine-  to  very  fine-grained  sand- 
stone. Locally  pebble  lenses  occur  at  the  top  of  the  sand.  Over  most 
of  the  pool  a medial  gray  shale  break  divides  the  sand  body  into 
upper  and  lower  layers.  The  upper  layer  does  not  extend  west  of  a 
line  from  Bullion  to  Walters  School,  and  is  much  less  productive  than 
the  lower  layer  over  the  remainder  of  the  pool.  Locally,  as  between 
Kimes  and  Walters  Schools  and  southeast  of  Brush  Hill  School,  the 
two  layers  are  combined. 

Structurally,  the  Second  sand  oil  accumulation  of  this  pool  is  located 
on  the  southwest  plunging  Homewood  anticline  (See  Fig.  7),  and  is 
apparently  due,  in  part  at  least,  to  this  fold.  South  and  southwest 
of  the  pool  the  sand  is  saturated  with  salt  water.  AVest  and  east  of  the 
pool  the  sand  is  generally  “tight.”  “Shows”  of  oil  and  a few  small 
producing  areas  are  present  east  of  the  main  pool.  (See  Fig.  7.) 

Core  analyses  of  the  sand  were  obtained  for  four  different  parts  of 
the  pool.  From  these  analyses  and  from  the  character  and  general 
production  history  of  the  sand  in  other  parts  it  is  estimated  that  the 
“pay”  sand  has  an  average  porosity  of  about  20  percent  and  now 
contains  about  450  barrels  of  oil  and  750  barrels  of  water  per  acre-foot. 
AVith  a proven  productive  area  of  11,500  acres  (of  which  520  acres 
are  classified  as  abandoned)  and  an  average  “pay”  thickness  of  10 
feet,  a total  reserve  of  about  51,000,000  barrels  is  indicated  for  the 
Second  sand  part  of  this  pool  in  the  Hilliards  quadrangle.  One-third 
to  one-fourth  of  this  oil  could  probably  be  recovered  by  water  flooding, 
but  this  does  not  seem  economically  feasible  at  present.  Only  one  of 
the  cores  gave  permeability  data,  but  the  average  permeability  of  the 
sand  is  probably  less  than  10  millidarcies. 

An  experimental  modified  five-spot  water-flooding  project  was 
undertaken  in  1929  one  mile  north  of  Nectarine.  Although  successful 
in  increasing  the  output  from  1/6  to  3 barrels  of  oil  per  day,  the 
operations  were  discontinued  in  1929,  partly  because  of  the  general 
business  depression.  Repressuring  with  air  has  been  attempted  in 
several  parts  of  the  pool  with  varying  results.  On  the  whole,  the  air 
repressuring  has  not  proven  very  successful  here  and  gas  sufficient 
for  use  in  repressuring  is  not  readily  available. 

The  Second  sand  oil  of  this  pool  is  black  to  very  dark  green  in  color 
and  of  33.8°  to  34.4°  A.P.I.  gravity.  In  general,  the  oil  becomes  pro- 
gressively lighter  in  gravity  eastward  across  the  pool. 

The  Third  sand  producing  area  of  the  Bullion-Clintonville  pool  (See 
Fig.  8)  was  rapidly  developed  after  the  Phillips  well  of  1876.  Several 
of  the  early  wells  flowed  up  to  3,500  barrels  daily. 

The  Third  sand  here  is  light  gray  in  color  and  ranges  from  a uni- 
form medium-grained  sand  10  to  20  feet  thick  to  a conglomeratic  sand 
20  to  30  feet  thick.  The  thicker,  coarser  sand,  in  which  were  located 
the  large  flowing  wells,  occurs  principally  in  the  western,  especially 
northwestern  part  of  the  pool.  The  pebbles  of  this  coarse  sand  range 
up  to  i/4  inch  in  diameter  and  consist  predominantly  of  white  quartz. 
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In  the  southern  three  miles  (approximately)  of  the  pool,  the  sand  is 
fairly  fine-grained,  only  10  to  15  feet  thick,  and  the  wells  produced 
initially  up  to  about  25  barrels  per  day. 

The  oil  is  dark  green  in  color  and  ranges  from  38°  to  42°  A.P.I. 
gravity.  Very  little  water  is  produced  with  the  oil  and  in  parts  of 
the  field  the  sand  is  reported  to  contain  no  water.  Sufficient  gas  is 
still  produced  in  most  of  the  pool  to  run  the  engines  pumping  the  oil. 
Repressuring  has  been  practised  for  about  five  years  on  one  lease  in 
the  northwestern  part  of  the  pool.  Definite  data  on  the  results  of  this 
repressuring  were  not  obtained,  but  from  the  variable  character  of  this 
sand  it  is  thought  that  repressuring  is  the  proper  secondary  recovery 
method  to  apply.  Two  leases  in  the  northeastern  and  one  in  the  south- 
ern part  of  the  pool  are  operating  on  a vacuum.  In  one  of  these-  the 
production  is  reported  to  have  been  temporarily  increased  from  about 
4 to  about  50  barrels  per  month.  Water  flooding  has  not  been  at- 
tempted and  the  general  opinion  is  that  it  would  not  be  successful 
here.  Several  wells  are  reported  to  have  been  cored  here,  but  the 
core  analysis  for  only  one,  the  Summit  No.  62,  was  obtained  for  this 
report.  This  well  is  in  an  area  of  small  production  in  the  northwest- 
ern part  of  the  pool  and  the  analysis  is  probably  not  typical  of  the 
pool.  This  core  analysis  indicated  11.5  feet  of  sand  with  an  average 
porosity  of  11  per  cent,  an  average  oil  content  of  180  barrels  per  acre- 
foot  and  a permeability  ranging  up  to  3.1  and  averaging  1.42  milli- 
darcies. 

Although  the  Third  sand  is  anticlinal  in  structure  in  this  pool  (See 
Pig.  8)  the  oil  accumulation  here  is  thought  to  be  primarily  the  result 
of  sand  conditions.  Thinning  and  “tightening”  of  the  sand  limit 
the  pool  in  all  directions  except,  possibly,  the  north.  The  northern 
terminus  of  the  pool  lies  outside  this  quadrangle  and  has  not  been 
studied  in  detail.  In  the  two  small  abandoned  pools  south  of  the  main 
pool  the  Third  sand  is  only  6 feet  thick. 

Fourth  sand:  A sand,  the  top  of  which  lies  about  35  feet  below 

the  bottom  of  the  Third  sand  and  about  1,280  feet  below  the  Vanport 
limestone,  is  reported  in  most  of  the  deeper  wells.  In  a few  well 
records  this  sand  is  designated  the  Fourth  sand.  As  no  other  sand 
lies  between  this  sand  and  the  Third,  Fourth  is  the  proper  designation 
for  it  and  is  used  in  this  report.  This  is  the  Fifth  sand  of  most  rec- 
ords, especially  in  the  southeastern  part  of  the  quadrangle  where  the 
true  Third  sand  is  incorrectly  called  the  Fourth. 

The  Fourth  sand  averages  about  20  feet  in  thickness.  It  thins  to 
the  northwest  and  is  reported  as  only  a “shell”  in  the  northwestern 
half  of  the  quadrangle.  A small  oil  pool  probably  in  this  sand  was 
discovered  in  1873  in  the  Rumbaugh  farm  south  of  Whiskerville. 
(See  Fig.  8.)  The  wells  produced  up  to  7 barrels  of  42°  A.P.I. 
gravity  oil  per  day.1  A well  near  Claytonia  is  producing  small  quan- 
tities of  gas  from  this  sand,  and  gas  production  from  it  was  formerly 
obtained  in  at  least  one  well  south  of  North  Washington.  In  the 
Speechley  gas  field  southeast  of  North  Washington  several  wells  re- 


1 Chance,  H.  Martyn,  op.  cit.,  p.  112. 
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cord  gas  in  a sand  ranging  np  to  70  feet  in  thickness  and  occupying 
the  stratigraphic  position  of  the  combined  Byram,  Third  and  Fourth 
sands. 

Sands  below  the  Venango  Oil  Sand  group 

WARREN  AND  CLARENDON  SANDS 

Although  several  hundred  wells  in  this  quadrangle,  especially  in 
the  southeastern  part,  have  penetrated  900  or  more  feet  below  the 
Venango  group,  little  information  on  the  deeper  sands,  except  the 
Speechley,  was  recorded.  In  most  of  the  records  listing  the  deeper 
strata  the  first  persistent  sand  below  the  Venango  group  is  called  the 
First  Warren.  This  sand  lies  about  1,680  feet  below  the  Vanport 
limestone  and  averages  about  30  feet  in  thickness.  It  occupies  the 
general  stratigraphic  position  of  the  First  Warren  of  the  Tidioute 
quadrangle,  and  a few  wells  record  red  rock  above  it  as  in  that  quad- 
rangle, but  definite  correlation  of  these  deeper  sands  has  not  been 
made.  A little  gas  is  reported  in  this  sand  in  a few  wells  but  no 
commercial  production  has  been  obtained.  In  a few  wells  a sand 
lying  about  100  feet  below  this  First  Warren  sand  is  recorded  as 
Second  Warren. 

Sands  in  a general  zone  extending  from  about  1,900  to  1,970  feet 
below  the  Vanport  limestone  are  recorded  as  Clarendon  sand.  Gas  is 
reported  in  this  sand  in  several  wells,  especially  in  a belt  trending 
northeasterly  through  the  central  part  of  the  quadrangle.  Most  of 
these  wells  are  included  in  the  list  of  selected  records  published  in 
this  report.  This  Clarendon  sand  occupies  more  nearly  the  strati- 
graphic position  of  the  Queen  sand  of  the  Tidioute  quadrangle  than 
of  the  true  Clarendon  sand. 

SPEECHLEY  SANDS 

Extending  from  about  2,030  to  2,140  feet  below  the  Vanport  lime- 
stone is  a general  sand  formation  in  which  two  members,  the  Speechley 
Stray  and  the  Speechley,  are  recognized  in  well  records.  The  Speech- 
ley  Stray  has  an  average  thickness  of  20  feet  and  lies  about  2,040 
feet  below  the  limestone.  It  is  reported  productive  of  gas  in  some 
wells  in  the  Speechley  gas  field,  but  is  relatively  unimportant. 

The  top  of  the  Speechley  sand  lies  2,070  to  2,110  feet  below  the 
Vanport  limestone  and  about  20  feet  below  the  Speechley  Stray.  It  is 
described  as  a uniform,  fine-grained,  hard,  chocolate-colored  sandstone 
where  productive.  It  ranges  up  to  40  feet  and  averages  about  25  feet 
in  thickness.  It  is  an  important  source  of  gas  in  the  eastern,  especially 
southeastern,  part  of  the  quadrangle,  and  of  oil  in  the  Hooker  pool. 

Hooker  oil  pool:  For  convenience  the  Speechley  oil  pool  in  this 

quadrangle  is  designated  in  this  report  the  Hooker  pool.  This  pool 
was  discovered  in  1901  and  actively  developed  from  1901  to  1905. 
It  is  approximately  9 miles  long  and  iy2  miles  wide.  It  covers  about 
4,420  acres  in  this  quadrangle  and  extends  southwesterly  about  two 
miles  beyond  the  quadrangle  boundary. 

The  structure  of  the  Speechley  sand  in  the  Hooker  pool  and  in  the 
gas  pool  adjoining  it  on  the  north  are  shown  on  Figure  8.  The  struc- 
ture is  a general  south  dip  modified  by  local  undulations  in  the  sand. 
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The  accumulation  of  the  oil  is  the  result  of  southward  thinning  of 
the  sand,  not  of  folding.  An  isopachus  map  of  the  sand  shows  that 
the  south  and  southeastern  limit  of  developed  production  correlates 
closely  with  the  10-foot  sand  thickness  contour.  The  sand  contains 
very  little  water  and  apparently  the  oil  was  trapped  in  its  down-dip 
migration  by  decrease  in  the  thickness  and  permeability  of  a large 
northeast  trending  sand  lens.  Gas  accumulated  up  the  dip  of  the 
lens. 

The  initial  daily  production  of  the  wells  ranged  up  to  about  75 
barrels.  Accurate  initial  daily  production  data  were  obtained  for 
114  wells  drilled  during  1901  to  1904.  The  wells  averaged  24.03 
barrels  and  ranged  from  % to  72  barrels.  The  thickness  of  the  sand 
in  these  wells  averaged  19.2b  feet  and  ranged  from  10  to  40  feet. 
Where  the  sand  is  over  10  feet  thick  there  was  no  correlation  between 
initial  production  and  either  sand  thickness,  date  of  completion  (if 
within  the  first  three  years)  or  structural  position  of  the  wells.  It  is 
concluded,  therefore,  that  porosity  and  permeability  were  the  prin- 
cipal factors  determining  well  productiveness.  The  usual  spacing 
was  6 to  10  acres  per  well  and  very  little  redrilling  between  locations 
has  been  done. 

The  present  daily  production  is  less  than  barrel  per  well.  Water 
flooding  and  repressuring  have  been  attempted  without  success  and 
the  pool  is  being  steadily  abandoned. 

North,  especially  northeast,  of  the  Hooker  pool  lies  an  extensive 
Speechley  gas-producing  area.  The  limits  of  the  main  part  of  this 
field  are  indicated  on  Figure  8,  but  several  isolated  wells  north  of 
these  limits  indicate  that  this  sand  contains  gas  in  small  quantities 
over  most  of  the  eastern  part  of  the  quadrangle.  Most  of  the  wells 
of  the  main  gas  field  were  drilled  during  1904  to  1915.  The  initial 
daily  production  of  the  wells  ranged  up  to  about  two  million  cubic 
feet  with  a rock  pressure  of  600  to  700  pounds  per  square  inch.  The 
sand  ranges  between  20  and  40  feet  thick.  The  “pay”  sand  averages 
about  14  feet  and  ranges  up  to  25  feet  thick. 

SANDS  BELOW  THE  SPEECHLEY 

Several  wells  in  the  quadrange  have  penetrated  below  the  Speechley 
sand  but  for  only  six  were  records  obtained  which  listed  the  deeper 
sands.  These  six  are  included  in  the  list  of  selected  records.  Wells 
72  and  98  of  this  list  record  a sand  30  or  more  feet  thick  lying  about 
3,200  feet  below  the  Vanport  limestone,  or  approximately  1,100  feet 
below  the  Speechley  sand.  This  is  stratigraphically  the  lowest  sand 
in  the  records  obtained.  Between  it  and  the  Speechley  sands,  six  or 
more  horizons  are  listed  but  the  records  do  not  agree  on  the  strati- 
graphic positions  of  these  sands.  Apparently  a general  sand  horizon 
is  present  in  the  interval  extending  from  about  2,430  to  2,530  feet 
below  the  Vanport  limestone,  and  another  2,700  to  2,800  feet  below. 
The  terms  Tiona,  Bradford  and  Kane  are  used  in  the  records  for  the 
deeper  sands  but  no  uniformity  in  the  usage  of  these  names  is  fol- 
lowed except  that  the  sands  so  designated  lie  below  the  Speechley  of 
this  quadrangle. 
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The  Oriskany  sandstone,  untested  in  this  quadrangle,  probably  lies 
at  a depth  below  the  Yanport  limestone  ranging  from  about  4,600 
feet  at  the  northwestern  corner  of  the  quadrangle  to  about  5,600  feet 
at  the  southeastern  corner.  The  anticlinal  areas  shown  on  Figure  5 
and  described  earlier  in  this  report  are  thought  to  be  the  most  favor- 
able places  for  testing  this  sand.  A well  located  one  mile  northeast  of 
the  northeast  corner  of  this  quadrangle  found  no  sand  at  the  Oriskany 
horizon,  but  several  wells  within  a few  miles  of  the  southwest  corner 
of  the  quadrangle  found  15  or  more  feet  of  sand.  In  general,  then, 
the  southwestern  part  of  the  quadrangle  seems  the  more  favorable 
part  for  testing  the  Oriskany,  and  the  dome  north  of  New  Hope 
Church  (See  Figure  5)  is  thought  to  be  particularly  worthy  of  atten- 
tion. The  depth  to  the  Oriskany  at  this  dome  would  probably  be 
about  4,950  feet  below  the  Vanport  limestone,  which  is  at  or  very  near 
the  surface  there. 


SELECTED  WELL  RECORDS 

Of  the  3,000  well  records  collected,  243  are  published  below.  These 
records  were  carefully  selected  as  the  most  complete  and  representa- 
tive of  the  sands.  Through  the  Venango  group  the  sands  have  been 
carefully  correlated  and  are  listed  under  the  names  used  in  the  report. 
Final  correlation  within  the  quadrangle  of  the  deeper  sands  has  not 
been  completed  and  the  names  assigned  in  the  well  records  to  these 
sands  are  indicated  in  the  list  by  key  letters.  The  locations  of  the 
wells  whose  records  are  here  published  are  shown  on  the  First  sand 
production  map.  Figure  6.  This  map  also  shows  by  conventional  sym- 
bols the  location  and  drilling  results  of  isolated  wells  for  which  no 
records  were  obtained. 


25 


19118  3 3 3 5 g 1 II1IIS5II  f II  I I I III  1 1 5 3 9 1 


1 If  E i I 


m e 


831539  * 358839 


3 2 a s 5 2 3 s £ 221  G ll 

! i i H I ! ( I :ii  ! li 


FEET 

1600 


1200 


800 


400 


SL 


-400 


-800 


-1200 


W MILLIARDS  QUADRANGLE  WELL  TO  WELL  SECTION  BB 


— 1200 


— 800 


400 


5 L 


-400 


-800 


- 1200 


Figure  2.  East-west  correlation  section  across  northern  part  of  quadrangle 


Fl*ur«J.  J5* 


■dranglo 


Feet 

1600 


1200 


800 


400 


0 


-400 


-800 


-1200 


W 

163  164 


168  169 


MILLIARDS  QUADRANGL 

170  171  180 


WELL  TO  WELL  SECTION  D-D 

181  189  190  191  20 7 208  203  2 14 


216  218  219 


Feet 

1600 


IZCO 


<300 


400 


- 0 


?K>3 

N**  I7L 

r 

168^^/ 

16'  ,89 

0 

207 

§T\20a 

2I4T2I6  2 

TlP 

EXPLANATION 
IT  Sandstone  • Oil 

[H  Red  Rock  * Gas 

E Limestone  ■*-  Oil  &.  Gas 

0 Coal 
SW  Salt  Water 


"400 


FW  Fresh  Water 


800 


Scale 

I >i  0 I 2 Miles 

i l i i i 


L--izoo 


19 


MAP  SHOWING  LOCATION  OF 
SECTION  D-D 


Figure  4.  East-west  correlation  section  across  southern  part  of  quadrangle 
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Figure  5.  Mop  of  Milliards  Quadrangle  showing  producing  areas  and  surfaco  structure. 
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Figure  7.  Map  of  Milliards  Quadrangle  showing  producing  aroas  of  Rosonborry,  Second,  Boulder  and  Shira  sands  and  structure  of  Soeond  sand. 
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